Background-Exposure to radiation is a hazard of invasive cardiology. To minimise the risk it is essential to keep the doses received as low as possible. Aim-To assess the effect on cardiologist radiation exposure and the quality of coronary artery opacification of the use of a remotely controlled mechanical pump for coronary arteriography. A secondary aim was to assess any disadvantages and safety. Methods-319 patients were randomised to have coronary arteriography carried out with contrast injected either by hand or by a remotely controlled mechanical pump. Six cardiologists participated: two catheter laboratories were used and both brachial and femoral approaches were included. The exposure of the cardiologists to radiation was assessed by film badge dosimetry. The badges were worn on the hat. The total time for the procedure, screening time, the dose-area product meter reading, and any complications were recorded for each examination. The quality of arterial opacification was reported on a scale of 0-5. Results-The mean radiation dose per procedure was 0'011 mSv for hand injection of contrast and 0*005 mSv for mechanical injection (p < 0.01). There were no differences in procedure times or screening times. There were no complications attributable to mechanical injection. Arterial 
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As diagnostic and interventional practice expands increasing radiation exposure is likely. Levels of exposure are a cause of concern, and the British Cardiac Society recently set up a working party to look into the subject.' The report of the working groups appears on pages 489-96 of this issue.
We evaluated the use of a technique that increases the distance between the cardiologist and the source of x rays during coronary arteriography.
Patients and methods

PATIENTS
All patients undergoing left ventricular angiography and coronary arteriography performed by the participating operators during the period of the study (18 April 1991 to 31 December 1991) were eligible for randomisation. Patients undergoing additional procedures, such as aortography, arteriography of grafts, or right heart catheterisation, were excluded. Five hundred and seventy eight patients underwent left ventriculography and coronary arteriography without other procedures: 259 were not randomised because of operational pressures.
RANDOMISATION
After the operator, catheter laboratory, and access route were determined, patients were randomised by selection of a sealed envelope, within which the injection mode was indicated.
Randomisation was stratified to allow for the use of two different catheter laboratories and the brachial and femoral arterial access routes. Tables 1 and 2 show the characteristics of the groups randomised to hand and mechanical injection.
ARTERIOGRAPHY
Six cardiologists participated in the study.
Both the brachial and femoral arterial access routes were used. Catheterisation was Grant, Faragher, Hufton, Bennett- volume and flow rate of contrast were selected (7 ml at 5 ml/s pressure rise time 0 5 s for normal sized arteries) and contrast was injected from a mark IV Medrad pump. The pump, catheter, pressure monitoring line, and test syringe were connected by a four-port manifold. Operators retired from the x ray source during cine filming to a minimum distance of 2 There was a significant difference in the radiation exposure between the two injection techniques (hand 0.011 mSv/case, mechanical 0 005 mSv/case, p < 0 01 (table 5) ). 
Comparison of catheter gauge
The differences in arterial opacity score between the catheter gauges were more pronounced in the left coronary artery (table 1 
1).
In the left coronary artery gauge 6 gave the lowest scores, increasing scores were obtained in order by gauges 5, 7, and 8. The differences between all four gauges were statistically significant. Though the trends were similar for the right coronary artery the only significant difference was between gauges 6 and 7. For such effects there is no threshold dose but the probability of the effect occurring is 10 The aim of the guidelines is that the risk should be comparable to other "safe", sedentary occupations. The general advice of the ICRP is that doses of radiation should be kept "as low as reasonably achievable" (ALARA principle). The annual dose limit for the eye for cardiologists is 150 mSv, those likely to exceed 45 mSv per annum should be classified as radiation workers, which entails much more rigorous monitoring and record keeping. 7 We estimated the eye dose with film badge dosimeters attached to the cardiologist's hat. We chose film badges rather than lithium fluoride thermoluminescence dosemeters because they are up to five times more sensitive at diagnostic x-ray energies.
Our data show that the use of the mechanical injector pump reduced in radiation exposure to half that with hand injection.
At an annual case load consisting entirely of 500 diagnostic coronary angiograms eye doses of 0-011 mSv for hand injection and 0.005 mSv for mechanical injection give annual doses of 5-5 mSv and 2-6 mSv respectively, which are well within the dose limits even for members of the public. Hand and mechanical injection gave arterial opacity of a similar quality. This does not confirm previous suggestions that the more consistent pressures and flow rates generated by the pump produce better opacification. 3 The right coronary artery was consistently better opacified than the left by both injection techniques. This may be because of the simpler anatomy of the right coronary or its smaller volume and blood flow. Perhaps the volumes and flow rates that we have routinely used with mechanical injection for both arteries (7 ml at 5 ml/s) should be increased for the left coronary artery. Mechanical injection did not increase the procedure time or the inconvenience.
There were more complications in the hand injected group but only one complication (emergency coronary artery bypass grafting) that might have been related to the technique of coronary artery injection. This is reassuring, but this study is too small to assess safety, given the low overall mortality and morbidity of coronary arteriography. In several larger series (1500,11 6000,12 18 00013 patients), however, mechanical injection had acceptable complication rates that resembled other published series. In addition several operators at our centre have used mechanical injection for some years without problems. In several cases (38 out of 155 (table 12) hand injection was used during part of a study randomised to mechanical injection. Often this was because the situation was perceived as requiring more caution (such as a small or blocked right coronary artery or a possible left mainstem lesion). This can be compensated for by reducing the flow rate setting of the pump appropriately, but in this situation most operators preferred to be in control of the-catheter tip as well as the aflow rate and injections were given by hand.
The data were also examined for other factors which might have affected the radiation exposure or opacity score. Possible factors were the route of arterial access, catheter type and gauge, the operator, and catheter laboratory.
There were statistically significant differences in radiation exposure between the operators and between the two catheter laboratories. Operator 3 had a higher mean radiation exposure than the others ( 2 the image brightness is maintained by an increase in the radiation output (this difference would result in 2-25 times more radiation being used per frame under equivalent circumstances in laboratory 2). In addition the pulse width in laboratory 1 is 5 0 ms compared with 6-0 ms in laboratory 2, and the intensifier conversion factor is higher in laboratory 1. Both these differences would give higher radiation doses per frame in laboratory 2. These factors are only partly offset by the higher frame rate of catheter laboratory 1 (table 3) .
The factors which produced statistical differences in arterial opacity score were: operator, access route, catheter gauge, and catheter type.
The operator whose scores were the highest operated exclusively from the brachial route, predominantly used Sones type catheters, and had the largest average catheter gauge (tables 7, 9 and 10). The operator with the lowest scores operated exclusively from the femoral route with predominantly Judkins catheters and had the smallest average catheter gauge. Among the other operators the opacity scores and mix of arterial access route, catheter types, and mean catheter gauge were intermediate. In keeping with this the brachial route produced a higher mean opacity score than the femoral route, brachial catheter types produced a higher mean score than femoral type catheters, and larger gauge catheters, tended to produce higher opacity scores than smaller ones. A confounding factor is that the observer though unaware of the mode of injection was aware of the operator, catheter type, and approximate gauge and could deduce the access route. Therefore bias cannot be excluded. In view of these features it is impossible to be confident about what is causing the observed differences between operators. We speculate that catheter gauge may be important with a possible effect of access route (with associated catheter types) and perhaps operator. This study was not principally designed to answer these questions and further work would be necessary to clarify this.
Procedural variables (procedure time, screening time, and DAPM reading) differed between operators. This was not unexpected: broadly the differences seem to be explained by operator experience-more experienced operators had shorter procedure times and used less screening time. The least experienced operator with the longest screening time had a higher mean DAPM reading than the others, though this was not reflected in his radiation dose per case.
The negative correlation between contrast volume and opacity score was surprising. An explanation for the negative correlation may be that when arterial opacity is poor because of poor catheter engagement, large patient mass, or other factors, the operator takes further views and increases the contrast flow rate.
The use of a mechanical injector pump for coronary arteriography halved cardiologist radiation exposure. This technique is safe, convenient, and produces angiograms of comparable quality to hand injection. In view of the advantages and the absence of drawbacks, we believe that mechanical injection of contrast during selective coronary arteriography should be standard practice.
